Mechanial deformation of the YBa 2 Cu 3 O 7−δ high temperature superconductor under a number of different processing conditions resulted in the formation of and edge dislocations, both having a (001) slip plane. Subsequent high temperature annealing at 900°C resulted in the formation of extrinsic stacking faults with a large separation of the partial dislocations, up to 0.35 μm, suggesting a very low minimum stacking fault energy of 1. 
INTRODUCI10N
We have analyzed the microstructure of bulk YBa2Cu307-o (Y123) samples subjected to different levels of stress at various con:fming pressures, strain rates, and temperatures. This includes several classes of samples: {i) deformed under constant stress, (ii) deformed at a constant strain rate of I0-4 s-1, and (iii) shock-compacted from 30 to 167 Kbar. Deformation conditions for these samples spanned a wide range of processing conditions: 10-7 to 105 s-1 in strain rate, temperatures of 25 to 102o·c, and con:fming pressures from 1 atmosphere to 167Kbar. Thus, the type of defects seen should be representative of essentially all those which are possible in this material. These deformed materials have then been further annealed in oxygen, and the resulting microstructures have been analyzed. The details of these deformation experiments have been reported elsewhere1,2,3.
Thin foils for transmission electron microscopy (TEM) were obtained by mechanically polishing 3mm diameter disks of the sample material to a thickness of 250Jlffi, after which they were then mechanically dimpled with a felt covered wheel to 40-50Jlffi using a diamond paste. The 3mm disks were ion milled with Ar+ using a liquid N2 cooled stage first to perforation with an Ion Tech mill at SKY using a grazing angle of 20· then a short cleaning using a Gatan mill at 3KV with a grazing angle of 12". The foils were then examined in a JEOL lOOCX, Philips CM30, and the JEOL ARM.
RESULTS
Deformation-induced dislocations formed as arrays of dislocations on the (001) planes. The spacing of these arrays, in the [001] direction, varied with processing conditions, decreasing with increasing temperature or pressure. Trace analysis of the dislocation lines in all of these samples show that the line vectors are either <100> or <110>. The TEM bright field image contrast of the dislocations were weak when the g vector is parallel to the dislocation line and the beam direction is at a high angle to the basal plane (Fig. 1) , and when g was parallel to c-axis and the beam is nearly parallel to the basal plane (Figs. 2) . These imaging conditions indicate that the dislocations are either of edge or mixed type with the Burgers vector in the basal plane. Optical microscopy only showed kinking of the (001) The similarities in microstructure between the slowly deformed material and the shock-compacted material suggests that bondii}g between CuO layers is much weaker than along the CuO planes. The most likely slip plane would appear to be the CuO -Y -CuO layer, where the bridging oxygen sites are vacant, although slip between the CuO and Ba layer can not be discounted on this fact alone. The most likely slip directions, the <100> and <110>, which are the shortest Burgers vectors, have been confirmed in this study.
High temperature annealing of the deformed Y123 resulted in replacement of the dislocation arrays with basal plane stacking faults with few isolated dislocations remaining. Bright and dark field micrographs show a separation of the partial dislocations up to 0.351J.II1. Using a pseudo-isotropic shear moduli of 35GPa8 and a [100] Burgers vector, the stacking fault energy was calculated to be 1.2 x 10-2 Jfm2, which is approximately two orders of magnitude higher than the twin wall energy9. High resolution TEM indicates that the stacking faults which formed as a result of the high temperature annealing are extrinsic with the extra CuO layer between the Ba layers (Fig. 3) . These stacking faults are an + 1/6[031] would be consistent with the observed stacking faults (Fig. 4) .
Nd123 was also deformed and annealed in the same manner as the Y123. These samples showed identical dislocations as in the Y123 after deformation, but no evidence could be found for the stacking faults. The absence of the stacking faults in the annealed Nd123 can be attributed to the difficulty in forming the Ndl24 structure15, hence supporting the generic relationship between the stacking faults and the 124 structure.
Preliminary DC magnetization data suggests that while the superconducting currents along the CuO chains are disrupted by the dislocation arrays, the stacking faults provide little disruption of the current along the chain. Magnetic flux-relaxation data on the specimen shocked to 167 Kbar shows that the flux-pinning energy at 70K is enhanced by a factor of 2 over as-sintered material. The. p~g e~ergy is o~y slightly reduced by annealing. This implies that the partial dislocatiOns associated with the stacking faults are acting as pinning centers for the flux lines. Work IS m progress to better understand the interaction of the line and planner defects on the superconducting properties of these materials.
